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SECTION 1 

INTRODUCTION 



The Problem 

This iialioii's qualily of life- is depeiuleiil upon Ihc ability of 
our worklorcclo adapt to thechan/^in^^workplaci;. Aslcchnolo|M/ 
has advanced, so has the coniplexily of technical knowledj^e and 
equipment. As a result of these chan/^es. 11 isbecornlnj4 inereas- 
injfly dillicult lor workers to know all there is to know about the 
technical systems with which they work. Therefore, future 
workers must have the skills which enable them to accpiire the 
additional kiiowledffe and skills thai are needed to work with new 
and emerj»ln|.l technoloffies. 

Much of the content of vocational education prof^rams is 
related to technolof^y. Many current vocational pro|Jirams. 
however, appear to lack a strc^'ipbilosophy rcffardfuff the nature 
of technology upon which the curriculum is desij^ned. There are 
so many \'aiyinf^ philosophies and perspectives re^^ardin^* the 
tenii "technolof^"* tiiat there appears to be no primary definition 
for this commonly used word. 

In addition to the lack of consensus on tenninolof».v and phi- 
losophy, current trends in vocational and technical education 
suji^est that the traditional vocational curriculum may notec|ulp 
students with the skills needed to work with sophisticated 
technologies. The knowledf^e base of technolof^ has changed in 
recent years. The chanfie In knowledf/,e which results Irom the 
development of new technoloj4ies requires changes in the content 
to be taught in vocational education. The technical skills needed 
by future workers are also changing because ofthe advances in 
technology. The most elTe'^tive and ellicient method of preparing 
futur? workers may no longer include vocational education's 
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traditional emphasis on specific technical job skills. Because of 
the rapid and complex changes in technological knowledge and 
skill, the specific technical job skills taught in many vocational 
programs are obsolete when vocational graduates enter the 
workforce. Hence, specific technical job skills are no longer a 
suflicient condition for employment. The emerging trend is 
toward an increased emphasis on transferable, basic skills. By 
helping students gain generic skills along with basic technical 
skills, graduates of vocational programs will have the *'transfer- 
able" skills that are needed to keep up with the rapid changes in 
the workplace. 

All of the changes in technology are forcing vocational 
educators to be responsive to the needs of the changing workplace 
by r^^vising their current curriculum content, using different 
insl ruction methods, transfomiing facilities, and updating their 
own technical knowledge and skills. However, it has not been 
easy for vocational education to respond to the necessary changes. 
The problem for many vocational educators and policy makers 
may lie in a lack of understanding^ of: 

1. the characteristics of sophisticated technologies, 

2. the knowledge, skills, and altitudes required to work with 
sophisticated technologies, and 

3. the* effective strategies for integrating the necessary 
knowledge, skills, and attitudes into current vocational 
education curricula. 

The Project 

A major goal of vocational education is to provide students 
with the knowledge, skills, and attitudes needed for entry-level 
emp* .nient and job advancement. Before designing elTectivc 
vocci. i((l education programs that meet this goal, a deeper 
understanding of the knowledge, skills, and attitudes needed to 
work with sophisticated technologies is nHiuired. This project 
has been developed to provide a greater understanding of sopliis- 
ticated technologies and to provide direction for vocational 
education curriculum revision in the State of Illinois. During the 
1989 fiscal year, the goals of this project were to; 
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1. provide a conceplual and operational underslandinjj; of 
sophislicaled leehnolof^les by idenlllylnj.;. derinlnj^. and 
developing a elassiricalion scheme Tor those technolo- 
files. 

2. Idenliiy the conipetv'Mieles (knowledge, thinking proc 
esses, and technical skills) needed to work with sophis- 
ticated technologies. 

3. detemiine the role of vocal ional education In teaching the 
knowledge, skills, and attitudes needed to work with 
sophisticated technologies, and 

4. develop recommendations for planning the integration of 
the necessary knowledge, skills, and attitudes into exist- 
ing vocational education curricula In Illinois. 
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SECTION 2 

SOPHISTICATED TECHNOLOGY 



The Nature of Technology 

Tec^hiiolo^ Is a wry coninion word that is used in nuuiy 
dirtVrciit ways. The lemi "Icchiiolojiiv" is used in nfwsi)apers and 
ma^a/incs: it is [hv lorus oi ncws reports and public television 
sj)ecials. and it is viewed both as the soliUion to and the cause 
of many of the worlds' problems. Kaeh of the following j^hrases 
serve to show the diverse uses of the term "technoloj^y/' 

• "Our technology is being exjDorted . . 

• "Developing nations lack the technology to . . 

• 'The t(-jhnology is TOP SECRCT;' 

• "We have the technology to . . 

• "Technology is increasing at a phenomenal rale." 

• Technology is out of control." 

Because the tenn technolog>^ is used by so many people in so 
many ways, it is difficult to reach consensus about the meaning 
of the tenn. For exami)le. Ballesteri (1988). in a review of the 
literature, identified over 50 different definitions of technology. 

Is there a clear understanding of this commonly used word? 
What is technology? Is it the comi)uter on the desk? Is it the 
l)rcAH\ssthat is used tomake thecomi)uter? Is it an area of formal 
study like the sciences and humanities? Is it ai^plied science? 
The answers to these questions can ])n)vi(ie (he concei)tual 
Ibmidation needed to understand the impact of techiiolog>^ on 
the workforce atui vocational education. 

Views of Technology 

While there are many diflerent views of iechnoU)g>\ Vrcy 
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(1987) has kiciuiiiod four coniinoii categories; lechiiolof^v as an 
object. lechnolo>4v as a process. teehriolo}5/ as knowledge, and 
leclinolof^y as volition. 

Technology as an object. Technolo/4v is olten viewed as an 
object. A large group ol people view tools, machines, and 
consumer products as technology. A common example oC an 
object that is viewed as teciinology is the computer. People often 
say. "the computer us technology" or "I am uncomfortable with 
that technology." Kvidence of this view can be found in the many 
school districts across the nation that have established "technol- 
ogy committees." Becausemost ofthese technology committees 
were created to identify the types of computers and software to 
purciiase, it would be more approi)riate to call them "computer 
committees." 

Vocational instructors also view teciinology as devices and 
e(|uipment. Based on this view, instruction would focus on the 
gadgets and "magic" of technology. Many traditional vocational 
programs seem to iuive developed their eun icuhim around this 
view of technology. Tiie primary emphasis ofthese programs is 
on the types of devices and eciuipment. that are available and o:. 
what they can do. 

Technology as a process. Tiie second category of technolog.y 
views technolog>' as a process. Rather than viewing technolog.y 
as an artifact (i.e.. tools, devices. ef|uipment). technology is 
viewed as the process used to produce those artifacts. A 
common approach to defining technology at this level is to stress 
the iniportanc:e of the app/icahon of knowledge for the making ol 
objects. Emphasis is placed on the physical and technical 
processes and procedures that are used to produce objects. 
Many vocational programs have traditionally stressed this view 
of technology. In addition to learning about tools and equipment, 
students are taught the processes needed to use and ojjerate the 
tools and equipment in order to design and produce objec:ts. 

Technology as knowledge. The third category of technology 
views technology as knowledge. According to this view, technol- 
ogy is more than an object or a process. Technology is the 
knowledge that underlies the developmenl of processes that are 
us<.'d to make the artifacts of technology. F.mphasis is placed on 
the technical and scientific concepts, theories, and principles 
that underlie the objects and processes of technology. Therefore. 
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tecliriolo^V can be viewed as a discipline because it has its own 
body orknowled/^e and patterns of thinking. 

Technology as volition (culture). The fourth caie/j;oiy of 
technology views lH;!chnolo^^y as a coniplexsocio-cullural system. 
According to this view, technology is much more than machines . 
techniques, and precise knowledge. Pacey (1986), in a very 
thorough discussion of this view, stresses the importance of the 
human and social aspects of technology » Pacey describ'^s his 
conception of technolog>^ as one that contains organi/ational. 
technical, and cultural asi)ects. Most people identily technology 
with its technical asi)ect because it has to do wiili machines. 
tcclini(|ues, knowledge, and activity directed at making things 
work. Beyond the technical aspect orteclinology, however, there 
is a set ol'beliers and values that are innuenced by the predomi- 
iiant culture. U is these cidtural asi)ects that drive technological 
development and detennine the degree of control a particular 
society will place upon various technologies. 

A Conceptual Definition of Technology 

Indeed, teclinolopy is a term that does have many dilVerent 
meanings and uses. But is there a philosophically based 
detinition that captures the true nature of the term? The 
Tollowing clehnition is olfered as a conceptual definitloii ol 
technology: 

Technolog\^ is a noumenon that occi.rs through, 
the synergistic interaction orknowledge. thinking 
skills, and physical proct^sses and results in the 
extension of human capabilities. 

Ac^cording to this con.ceptual (Idinitif)!! of teclmolog\\ tech- 
nol()g\^ is not tangible; it is not directly obseirable by the s(*nses. 
llKTclore, techuoloj^v is viewed as a iiounicnoii: something that 
is based purely on intellectual intuition as opposed to being 
observable by the s(»ns(^s. You (^annot touch it. see it. or smell it. 
The physical manirestations that we otten view as technolog>^uv 
rr»ifi(7ircthat the noumenon ortechnolog>' exists. For example, 
wiiile a computer is ollen viewed as te(^hn()li)g\\ it is not synony- 
mous with tec^hnoloj^v. The(^omputei is an artifact oftechnology; 
it is the result of s(.:..? type of technological activity. The 



ERLC 



Sophisticated Technology 



\ 



/ I I 



/ / 




A NEW HUMAN 



TECHNOLOGY : Il^ capability is 



processes used to produce Icchnical arlifacls cerlainly iucorpo- 
rale lechnolofiy but they are also not technolojjy. Processes are 
only the means used to carry out technological aclivaly. The 
above four common views ol' technolo/:^y (i.e.» as an objecl, as a 
process* as knowledj^e. as culture) are evidence thai lechnolo/^y 
exisls. They prove lhal somelhirifJ exisls which enables humans 
lo salisiy Iheir wants and needs by facililatinjJ llie acquisilion 
and appllc^alion ol knowledj^e and skills to create and produce 
tools, e(}uii)nienl, and processes. 

Technological Activity 

Technoloj^/ occurs throuj^h the inleraction of knowledge, 
IhiiikinfJ skills, and physical processes. Bui as a noumenon, 
technolo^ cannot extend humancainibilities unless il isusedin 
some way. Technolojjfical activity can be viewed as the applica- 
tion of the noumenon of technolo/^ in order to exlend human 
capabililies. 

Technological activity is a complex socio-lechnical syslem 
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Figure 1. The Noumenon of Technology. 
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that is composed of six distinct conipunents; wants and needs, 
/ knowledge, thinking skills, physical processes, extension of 
huniancapabililies, and impacts (Johnson, 1988). Through the 
interaction of the sLx components in the Interactive Model of 
Technological Aclivilij, a synergism occurs which results in the 
whole becoming greater than the sum of the parts. Because of 
this synergistic elTeet between the six components in the model 
a ch; nge in one component results in a change in the rest of the 
system. 

As shown in Figure 2, all technological activity is driven by 
human wants and needs. To salisiy the wants and needs, 
physical and nu:ntal activity begins. Mental activity involves the 
use of knowledge through various cognitive processes such as 
planning, problem solving, and decision making. Physical 
activity involves canying out the plans ihat are develojjcd 
through the thinking processes. This activity invokes the use of 
various resources and techniques. Tlie result of this interaction 
may or may not result in the satisfaction of the wants and needs 
that began (he technological activity. If the wants and needs are 
not satisfied, further technological aclivUy may be needed. The 
technological activity model does not end with the satisfaction of 
human wants and needs throtjgh the extension of human 
capabilities. There are both positive and negative imj^acls that 
result Irom all technological activity, These iniinicts affect the 
values and j)hilosopliies from whitii the waiiis and needs are 
detennined. 

Technological activity is a cyclical })rocess that ap})cars to be 
never ending (see Figure 3). As human values and philosophies 
change because of liit^ im})acts of technolog>^ new needs, wants, 
and intentions dcveloj) which leads to further technological 
activity. 

Much of the content of vocational education involves the 
study of technological activity. Therefore, any cuiriculum that 
is designed to teach about technology must include all aspects 
of the Interactive Model oJ Teclinological Activity, Vocational 
education curricula must include the study of the human values 
and philosoi)hies that drive technological activity, the study of 
the interaction between the knowledge, thinking skills, ai.d 
physical processes that occurs through an attempt to satisfy 
human wants and needs, and the study of the impacts which 
result IVom technological activity. 
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Figure 3. The Cyclical Nature of Technological Activity. 
A Developmental Theory of Technology 

The devflopniciil of new teehiiolof>ies ran be viewed as an 
event. A new leehnolo^fy Is erealed when someone sees lor the 
first time that they are able to extend their capabilities by using 
their knowledge and skills in a imi(iue vvay. From that time on, 
the new technology can be utilized, it can be refined, and it can 
result in the development of newer technologies. 

The creation of a new technology can be explained through a 
phenomenon called a "slot theoiy." A new technology is created 
at the specific point in time when all of the prerequisite condi- 
tions (slots) in the three areas of knowledge, thinking skills, and 
physical processes have been met . Prior to that point . at least one 
element was absent from the preretiuisite conditions (slois) of 
knowing, thinking, or doing. Once all of the slots are hlled. a new 
technology exists, This technology can then be used to extend 
human capabilities, to refine the new technology, and to facilitate 
the emergence of newer technologies, 

Evidence of this "slot theory" can be found in every exam])le 
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oftlicdcvcloi)incnl oricchiioloj^. For t'xarni)k\ in the sui)fiT()ii- 
durlivily arc\i, the slots that liavt* enabled leelniolo^ists to 
sinmlale su|)erconduelivily with su|)ereooled materials have 
already been filled. Therefore, the technolo^ exists (i.e., all the 
iiceessaiy slots are filled) to i)roduce supereonductivity with 
materials that are at very cold teni|)eratures. However, iVoni a 
practical stand|)oint, this new technology is not very useful 
because it is cun"ently impractical to utilize the technology 
becauseofthe dilliculty ofkee|)in;^theniaterialscold. Slot theory 
says thai there is ;rn additional set of slots that must be I'illed in 
order to refine the current supercT)n(huUivity technology. As soon 
as someone combines the ri^ht materials or discovers the ri^ht 
combination (i.e.. as soon as the addilional set of slots are filled), 
a praclicMl and viable superccniductivity technology will have 
been created. 

Tlie creation of a new teclinolo^v adds to the knowledge base 
and often results in tlie development of new physical i)roccsses 
which lacilitate the develo|)ment of newer technologies. Tliere- 
ibre. lechnolo^ic^al develo|)ment is a cyclic^al |)rocess. New 
teclinolo^ies provide inlormation and tec^hni(}ues tliat lill the 
prere(|uisite slots for other technologies. As teclinolo^ies are 
develo|)ed. the knowled^^e base of technical information and 
processes cH)ntinues to ;^row. Ihereby facilitating the develop- 
ment of new technologies and new knowledge. 

An Operational Definition of Technology 

While a (M)nce|)tual deiinition of teclmolo^y may provide lor 
interesting |)hiloso|)hical discussions, it does not directly con- 
tribute to the lay |)ersons understanding of teclinolo^y, It is 
doulMhil that such a coi]ce|)tuali/ation of technology will be 
useful in |)ractical situations, (liven the many uses and mean- 
ings for tlie teim teclmology. it isalsodoubtlul that one definition 
will become generally ac(^e|)tcd as //ic definition. It is anticijDated 
that |)opular opinion will rukM)ut, 'rherelbre, it is a(xx*pt(*d that 
technology will continue to be viewed by the general |)0|)ulation 
in many dillVrent ways. 

Rather than atteiii|)t to {)r()vide a single operational deiinition 
oftechnolog\\ it niaybet)est to identify a set of generally accei)ted 
common characteristics. Tlie Ibllowiiiglist i)rovidesan initial set 
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of charactcri/ations of tcchnoloj^: 

• Tcchnoloj^ is ajDplicd human kiiowled/Jic. Because tech- 
nology uses infomialion from all domains, it is more than 
applied science. 

• Technoloj^ is application based. It is more than knowl- 
edge because it involves a combination of knowledge, 
thinking skills, and physical processes (i.e., knowing, 
thinking, doing). 

• Technology extends human cai)abililies. It increases the 
survivability of the human race by enabling humans to 
adapt to and change the physical world. 

• Technology exists in social domains as well as physical 
domains. Technology can be both "hard" (e.g., tools, 
eciuipment. etc.) and "soR" (e.g., management systems, 
software, etc.). 

A Conception of Sophisticated Technologies 

Sophisticated technologies are the most advanced technolo- 
gies that currently exist. They incori)orate the latest knowledge 
and processes and constitute the latest refinements in existing 
technologies. As soi)histicated technologies become widely used 
in a relatively routine manner, they become "mature teclmolo- 
gies." As newer, more advanced tec^hnologies are developed, the 
mature technologies become outdateci and are rei^laecd by the 
soi)histicated technologies. 

Since the arrival of the early settlers, the United States has 
gone through three distinct tcehnologieal ages (see Figure 4). 
Initially, the United States was an agricultural society with the 
vast majority oft he pojDulation living and working on Tanns. With 
the advent of the industrial revolution, the United States was 
transfomied into an industrial nation. The development of large 
scale electronic circuit integration, which resulted in the dcvel- 
oj^ment of the microprocessor, ushered in the information age. 
Figure 4 illnst rites that the level of soi)histicat ion rises wit heac^h 
subse(|uent ag(\ In addition, it should be noted that the number 
of i)eoi)le emi)loycd in agricultural jDursuits declined drastically 
during the industrial age, and a similar decline is i)rojeeted in 
industrial jobs as the inlonnation age i)rogresses. 

A similar increase in the level orsoi)hislication can be seen 
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1600s 1700s 1800s 1900s 2000s 

Figure 4. Increasing Sophistication Through Time. 

when considering^ individual technoloj^ies. Figure 5 exemplifies 
the increase In the level of sophistication as newer technolo^^ies 
were applied to the lurnin/^ of metal. With the Introduction of a 
more sophisticated technoloffy. the i)revlous technology became 
a "lower" technolo^^ and Is referred to as a mature technology. 
Consequently, a technology can only be considered sophist i- 
cated when it isjuxtaposed to the i)rior technology. Inmost cases 
today, it is the application of elect ronl(>s and the replacement ol 
human power with machine power which makes a technolog.y 
so])histieated. 

The comi)arison between mature technologies and sophisti- 
cated technologies can be repeated for every form of technolog>'. 
In ever>'case. mature technologies are being replaced with more 
sojjhisticated technologies. 

A Taxonomy of Technology 

Vocat ional edueat ion has placed arbit raiy boundaries around 
the study of technolog>'. Business education, industrial educa- 
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Figure 5. Increasing Sophistication of Metal Fabrication. 

lion, lionic economics ^^iucation. health occupations, and agri- 
cultural education are all examples ol'the artificial boundaries 
thai serve to limit the teaching ol' technolo^. Within each ol' 
these curriculum or^ani/ers, tech lolo^y is taught as a separate 
and distinct phenomenon. The relationships that exist between 
the lechnolo/4ies acr')ss these boundaries are lost within the 
current curriculum. 

However, technolof^y knows no boundaries. Technology is 
much larger than business, indusliy. home economics, health 
occupations, and agriculture. Technology includes all ofthesc 
areas and much more. 

Rather than attempt to constrain the teaching oftechnolo^y 
by usin^ these artificial boundaries, it seems logical to concej)- 
tuali/c the teaching of technology aroimd broader characteris- 
tics ol'technolof^v such as the physical technologies, the biologi- 
cal technologies, the inrormational technologies, and the organ - 
izational technologies. A brief deschj)lion of each catcgoiy is 
j)rovided l^elow: 

• The physical technologies. The physical technologies 
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are those technologies that enhance the physical capa- 
bilities of humans. Included in this catej^ory are tech- 
nolofijies that are used to build structures, produce 
goods, and Iran.sport p:x)ple and goods. 

• The bio n^?cai technologies. The biological technolo- 
gies are those technolo);iies that enhance the biological 
capabilities of humans, hicluded in this category are 
technologies that are used to maintain life by producing 
belter foods and dnigs and improving techniques for 
diagnosis, treatment, rehabilitation, and prevention of 
the biological problems that humans encounter. 

• The informational technologies. The infomiational 
technologies are those technologies that enhance human 
abilities to manage inlbrmatlon. Included in this cate- 
gory are technologies that enhance communications, 
knowledge acquisition, and data management. 

• The organizational technologies. The organizational 
technologies are those technologies that enhance the 
ability ol humans to manage people, processes, and other 
technologies. Included in this category are technologies 
in the areas of economics, education, manufacturing, 
and politics. 
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SECTION 3 

TECHNOLOGY AND THE 
WORKFORCE 

The Competitiveness Problem 

While Ihc United Slates was oiicc the premier leader in 
industrial slrenj4th and inlluence, countries previously unable to 
compete with the United States in both technoloj^ical and eco- 
nomic arenashave made drastic chan/j^es in the way they develop 
and produce ^oods. Through modernization oi their factories 
and by usin;4 innovative organizational systems, these so called 
non-industrial coimtries have begun to compete with the indus- 
trial giants on their own turf, New competition from countries 
such as Japan, Korea, and Brazil is having a dramatic impact on 
the economical, political, and educational systems within the 
United Slates, Exaniplesoftlie results from tliisncwcomi)etition 
include rising trade deficits, an increasing budget delicit, slow 
productivity growth, stagnant real wages, and a declining share 
ofworki markets (Young, 1988). All of these trends constitute a 
threat to the American standard of living. Unless changes are 
made lo increase the competitive al)ility of the United States on 
economic and technological grounds, the quality of life in this 
couritiy is certain to fall. 

Although the increased ability of otliercountries to com})ete 
with [hr United States is certainly a major lactor in reducing the 
competitive advantage of this count ly, other internal fa(Mors 
have alsol)een identified. The PivsUlcjiCs Cojiimissioii on Indus 
trial Coinpelilivcness (1985) identiHed the Ibllowing i)rimary 
internal causes of the decline in the comj)etitivcness of this 
'X)unlry: 
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• A lailurc to develop human resources us well as o[h?\ 
nations. 

• lna(ic(iuale incentives lor saviaj^s and investment. 

• Trade policies that do not address the new realities of 
international commerce. 

• Shortcomings in our coiumerciali/alioii of technology, 
hi response to the comi)elilivcness problem, this counlr>' 

must strive to develoi) a high skilled, adaptable workforce that 
develoi)S and uses lechnologj'. This effort would result in a 
renewed competitive advantage through improved technologies 
and innovative, creative, and highly educated workers: some- 
thing whicli may be the United Stales' biggest strength. Young 
(1988) describes the technological strenglli of the U. S. as (a) 
having the highest level of scientific and engineering knowledge 
in the world, (b) jjroducing the highest i)roi)orlion of research and 
develoi)menl scientists and engineers in the world, (c) having the 
most major technical breakthroughs since World War 11. and (d) 
having ready access to capital and equity for entrei)reneurs. 

This approach is also not without its drawbacks. New 
technologies arc likely to replace many workers which could 
result in higher unemployment. Advances in technology eould 
al.so lead to a deskilling of the workforee which may result in a 
wider gaj) txiween the workers who develop new technologies 
and those who use them. 

To return Ih.e United Stales lo its former competitive status, 
improvenienls must .K-cur in productivity and in the ability lo 
commcrciali/e the technologies that are develo])e(.i. Improve- 
ments in these areas will help bring about a higher standard of 
living through Ih.e develoinnenl of a high skilled and adaptable 
workforce that develops and uses technology, 

Improve Productivity 

The first area where the United Stales must imi)rove in order 
to become more competitive is in Us level of i)roduclivily. It has 
been said lh;it productivity is the main determinant of trends in 
living standards (Hat.sopoulos. Krugman. tk Sunmicrs. 1988). 
Therelbre. if Americans are lo continue enjoying their high 
standard of living, they will have to find ways to continually 
increase their own jjroduclivily. Recent evidence shows that 
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conipelitors have been able to Increase Ihelr productivity at a 
much faster rate than the U. S. I"or ex-imple, the U. S. was ranked 
below eleven of its competitors in productivity ^^rowth from 1 973 
through 1979 and from 1981 throuj^h 1985(I3erger. 1987; Klein. 
1988). Without an increase in productivity it is doubtful that U, 
S. companies will be able to successfully compete for much 
lonf^er. While the statistics point out weaknesses, all is not lost. 
After the dismal years of the 1970s and early 1980s, U. S. 
companies have shown productivity improvements in recent 
years. In 1985. the U. S. had the second hi^^hest j^rowth in 
productivity amonjJ the twelve leading industrial countries with 
a 5. 1% increase and in 1986 had the fastest productivity growth 
at 3.7% (Klein. 1988). 

While the recent improvements are encouraging, efforts 
must be made to ensure that these improvements in productivity 
coiUinvie. There are three primary ways to improve productivity: 
(a) through the development of new technologies, (b) through 
increased capital expenditures, and (C) through education and 
training. 

Improve productivity through the development of new tech- 
nologies. Kighty percent of the IJ. S. productivity growth is 
directly or indirectly attributed to technological innovation (Young. 
1988). A strong research and development ellbrt is needed to 
enstire that new innovations are forthcoming. Without research 
and development expenditures, it is doubtliil that significant 
innovations can be developed. While the IJ. S. has been success- 
ful in developing new technologies in the past, it not likely to 
continue to be successful if current trends contimie. Business 
and government expenditures lor civilian research and develop- 
ment are a smaller proportion of the economy in the U. S. than 
in other developed countries (Berger. 1987). A continued com- 
mitment and support for research and development must be 
made if the U. S. is to maintain its leadershi}) in the development 
of technological innovations. 

Improve productivity through increased capital expenditures. 
While the development of technologv is a key to productivity 
growtli. tie technology is worthless unless it is actually used. A 
prinjary reason \ he IJ. S. has lost its competitive advantage in the 
steel and autom()l)ile industriesisl)ecaiisethose industrieshave 
been slow to realize that modern facilities, new equipment, and 
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innovative or/^anizational slralt^/^ii's arc needed to keep uj) with 
the rest of the world, hi recent years, U. S. competitors have heen 
/tooling up with modern facilities thai ineorj)orate the latest 
technologies and strategies such as robotics, conij)uter-inle- 
grated manul'acturing. jusl-in-time niannl'acturing. and thv 
Jaj)anese j)hilosoj)hy ofKai/en. At the same time, IJ. S. steel and 
automotive industries were tiying to j)roduce goods in anii- 
quated I'acililies with pre-World War II technologies and tradi- 
tional authoritative management slrateg^is. The result of the 
unwillingness of these U. S. industries to exj)end the neeessar}' 
caj)ital to build new I'acilitiesand to acquire new technologies has 
been a decreased share of world markets, increased layol'l's. and 
reduced j)rofit margins. As a^i nple of the discrepancy 
between U. S. capital expendil s and those of Japan, the 
Japanese sj)end 50% - 100% more per employee on capital than 
the U. S. To c()inj)ound the prol)lem, IJ. S. capital costs 50% - 
75% more than Japanese capital (Ilatsopoulos, Krugman, ik 
Summers. 1988). On a j)()silive note, the recent surge in 
productivity in the IJ. S. can be j)artially attributed to the 
willingness of comj)anies to begin investing in new ajjilal. 

Improve productivity through education and training. As 
slaletl by the PicsidcnCs Commission on Indiislrial Con\peliliv(r 
ncss (1985) this country has I'ailed to develop its human re- 
sources as well as other nations. This problem becomes evident 
when comj)aring our educational system with those of other 
countries. Only 70% of the students in American schools 
successlidly complete high school while 98% of the Japanese 
students complete high school (Jonas. 1987). The recent pleth- 
ora of national reports that locus on educational relbn^i further 
su})j)ort the need Ibr strengthening America s edu(\Uional sys- 
tems (Carnegie Forum. 1986; National Commission on Secon- 
dary Vocational Kducation. 19H4; Parnell. 1985). 

Kven if the IJ. S. is able to continue developingnew technolo- 
gies and makes the capital expenditures necessary to utilize 
those developments, great improvements in productivity will be 
imlikely unless workers have the levels of education and skill 
needed to handh* the advanced technologies (I3ergcr. 1987). In 
resj)onse to this need, educational programs at the secondary 
and post-secondary levels need to identify the knowledge and 
skills thai will be needed by the future workJbree to successlblly 
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work with and iiiainlain the sophisticated tcvhiiolo|4ies and 
develop appropriate delivery systems for the teaching of the new 
content. 

Improve our Ability to Commercialize Technology 

hi addition to ac^qniringthe best anci most up-to-date eciiiij)- 
nient, this countiy must capitalize on its ability to develop 
technology by ensuring that the time between the development 
of a new technology and its implementation into production is as 
short as possible. One reason for the lost advantage in the steel, 
automotive, machine tool, semiconductor, and television indus- 
tries is tlie inability of American companies to take tliese new 
innovations and commercialize them. While American scientists 
and engineers may have been responsible for the development of 
teclinology in each of these areas. American companies have 
been slow to integn te them into production. To highlight this 
problem, it has been det(^rmined that it takes U. S. con)orations 
60 montlis to produce a car from the initial design stage to the 
actual production. In contrast, the Japanese are able to design 
and produce a newcarin only 40 months. In t lie phamiaceutical 
indtistry, the IJ. S. averages five years to get a new pharmaceu- 
tical to market while the United Kingdom takes only two and one- 
half years. Kven though the IJ. S. may have been the initial 
developer of a iu»w j)roduct or te(^hnology, it should be clear Irom 
tht^se two examples that one cannot be comj)etitive if the 
competition is able to get their product to market much faster. 

The Impact of Technology on the Workforce 

There are several views regarding sophi slic^ited technologies 
and their effed on the workforce (Naylor, 1985; Rumberger, 
1984). One view is that sopliistieated technologies will be the 
primaiy source of new jobs in the future. People read and hear 
about new Jobs beingereated in the areas ?)f robotics, computers, 
lasers* and optics, Acominonbelief is that Jobs in these areas are 
eomi)Ie<ely new and will result in jo.) opportunities for a great 
many workers. The sein)n(i view is that sophisticated technolo- 
gies will vastly upgrade the skill re(|uireiiients of future jobs. 
Advances in teclinology are believed to make jot)s much more 
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complex and Iherefore, will require higher level skills in the 
future. A third view is that sophisticated technologies will result 
in the displacement of massive numbers of workers. The 
development of robotics and automated processes is viewed as a 
means to eliminate the human worker from the labor force. 

It is true that technology is having a definite effect on the 
nature and characteristics of the workforce. New occupations 
are beingcreated while traditional occupationsarebeingchanged 

or eliminated. The workers that fill these changing occupations 
must update their knowledge and skills to remain employable. 

A widervariety of skills are nowneeded by the workforce. Tlie 
diversity of occupations has increased to the point where work- 
ers must do things that were once performed by many different 
individuals. Future workers still need to have specific technical 
skills. Howi'ver, employers are beginning to want their new 
employees to have better basic skills. Basic skills enhance 
workers' abilities to learn new infonnation and techniques and 
will make the future workforce more adaptable as advances in 
technology liu'ther changes the workplace. 

It is evident tha< ',- "hnology is having a significant impact on 
the workforce - r, the true nature of that impact is 

unclear. Are the above views accurate or are tney only niytlis? 
The following discussion describes some of the impacts of 
technology on the workforce and presents the uncertainties that 
exist regarding the changes that will occur in the future. 

The Impact of Technology on Future Occupations 

The impact of tecTinology on future occupations is unclear. 
Will the advances in technology result in more sophisticated 
technology relatedjobsorwill there be an increase in the number 
of low technology relatec' jobs? The answer to this question is 
critical to the economic and social well being of this country. To 
identify the actual impact of technology on future occupations, 
it is necessary to examine the various views that currently exist. 

View 1 : Sophisticated technology jobs are growing at a rapid 
rate. One view regardingjob growth in sophisticated technology 
areas says that sophisticated technology-related jobs are grow- 
ing at a significant rate. Based on Bureau of Labor statistics, the 
fastest growing occupations are in sophisticated technology 
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areas. As shown in Table 1 . eight ol* the ten fastest growing oc- 
cupations may be classified as "high technology" occupations 
(Kulscher, 1987). These fast grc.v^ing occupations include tech- 
nicians, engineers, operators, and rrpairers, As a result of this 
information, it would appear that sophisticated technologies will 
be the i)rimary source of new jobs m the future, hi fact, 
numerous post-scrondary schools are using this infonnatioii to 
develop new technician level programs in robotics. CAD. CAM. 
lasers, and computers. 







Change in 


Percent of 




Percent 


Total 


Total 




Change 


Employment 


Job Growth 


Computer Service Techs. 


97 


53,000 


0.21 


Legal Assistants 


94 


43,000 


0,17 


Comp. Systems Analysts 


85 


217.000 


0.85 


Computer Programmers 


77 


205,000 


0.80 


Computer Operators 


76 


160,000 


0.63 


Office Machine Repairers 


72 


40,000 


0.16 


Physical Therapy Asst. 


68 


26.000 


0.09 


Electrical Engineers 


65 


209,000 


0.82 


Civil Eng. Technicians 


64 


23,000 


0.09 


Peripheral Elect. Operators 


64 


31.000 


0.12 



Table 1 , Fastest Growing Occupations (in percentage terms). 
Source: Kutcher, (1987) 



However, (icscribin/^jol) ^^rowlhin pi-rccnlii/^e Icrins does not 
paint ;i Inie picture of the inipaol of leehnolo^iy on the growth of 
occupations in the future. A closer examination olTable 1 shows 
that while the fastest growing occupal ions are /^rowin^ al a hi^h 
rale, they will result in relatively few jobs. For example, the 
fastest ^rowinj^ occupation in percenta/^e terms is computer 
sendee technicians. While this occupation is /^rowin/^ at a 
fanlaslie 97% rale, it accounts for less than IZ-llh of 1 percent 
of (he tola! projected job /growth. In fact, the ten fastest /^rowiii^ 
occupations in percenlai^e leniis account for less than 4% of the 
lolal job jjirowlh. 



ERIC 



22 27 



Technology and the Workforce 



Based on their low percentage of the total job growth, post- 
secondary schools mu St be careful when planning to develop new 
programs for these "fast growing'' sophisticated technology occu- 
pations. It is possible that many of these new jobs will be filled 
without the need for numerous sophisticated technology pro- 
grams. In fact, current data suggests that there are more 
graduates of sophisticated technology programs than positions 
available (Grubb, 1984; Naylor, 1985). Continued growth in 
enrollments will compound that problem. 

View 2: Low tech jobs are growing at a rapid rate. A second 
view regarding the impact of technology on job growth suggests 
that advances in technology will result in an increase in low 
technology-related jobs. This view is in direct contrast to the first 
view. Based on Bureau of Labor statistics, the fastest growing 
occupations are not in sophisticated technology areas. As shown 
inTable 2, the majority of the ten fastest growing occupations (in 
absolute temis) are not in sophisticated technology areas (Ku- 
tscher, 1987). F^or example, the fastest growing occupation in 
absolute terms is building custodians. Wliile that occupation 
will certainly change as technology advances, it is not considered 
a "high tech*" occupation. Sophisticated technology occupations 
are those that require an in depth knowledge of the theories and 
principles of science, engineering, and mathematics that under- 
lie technology. This definition includes engineers, scientists, 
mathematical specialists, engineering and science technicians, 
and computer specialists (Rurnberger & Levin, 1985). Note that 
while the occupations listed in Table 2 are not growing at a high 
percentage rate, they do account for a great number of jobs. In 
faci, these ten fast growing occupations will account for almost 
25% of the total job growth In the future. 

It is true that sophisticated technology occupations are 
growing at a rapid rate although the impact of that growth is less 
slgnil'icant because of the small number of actual jobs that are 
created. One reason for the inability of sophisticated technology 
occupations to create a large number of jobs is because of the 
potential of technology to reduce the need for workers. Auto- 
mated systems are being incorporated Into factories that are able 
to reorganize traditional production processes. The change from 
individual machines to complete systems has enabled employers 
to reduce tlie number of workers while increasing productivity. 
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Percent 
Change 



Employment 
779,000 
744,000 
719.000 
696,000 
685,000 
642,000 
562,000 
511,000 
425,000 
423,000 



Change in 
Total 



Percent of 

Total 
Job Growth 



Building Custodians 27.5 

Cashiers 47.5 

Secretaries 29.5 

General Office Clerks 29.6 

Sales Clerks 23.5 

Registered Nurses 48.9 

Waiter & Waitresses 33.8 

Teachers 37.4 

Truchdrivers 26.5 
Nursing Aides & Orderlies 34.5 



3.0 
2.9 
2.8 
2.7 
2.7 
2.5 
2.2 
2.0 
1.7 
1.7 



Table 2. Fastest Growing Occupations (in absolute terms). 
Source: Kutcher, (1987) 

For example, llie inle^nilloii of robotic welders into the auto 
iiiduslry replaces two to three human welders and achieves 
productivity ^aiiis that range from 5: 1 to as hi^h as 20: 1 . 

Based on the above discussion, it should be clear thai 
technolo^fy does Impact on the total growth of oecupatloiis. 
Sophisticated technology occupat Ions are growing at a high rale 
yet they are a small fraction of I'.ie total job growth. While low 
technology occupations are not growing at as last a rate, they 
c-titribule to a greater percentage of total job growth. Because 
it is possible to intenircl job growth in different ways, vocational 
educators must be eareful when attempting to identify the need 
for new programs in sophisticated technology areas. On the one 
hand, if new programs are developed based on the rate of 
projected job growth. 11 is likely that a surplus of qualified 
workers will be produced which will reduce the employment 
opportunities for future graduates. On the other hand, if 
decisions regarding the development of new programs are based 
on projections ofjob growth in absolute terms, it is likely I hat new 
programs for sophisticated technology oriented occupations will 
not be developed. This could lead to the lack of (lualifled workers 
ininiporlanl leclmologieal areas whieh could force the business 
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and industry coniniunity to become more involved in the initial 
preparation of future workers. 

It is clear that caution must be used when detennimii^ 
whether or not to develop vocational programs for sophisticated 
lechnolojn/ oriented occupations. Clearly, vocational programs 
that prepare students to work in these "high tech" areas are 
needed although not in abundant numbers, 

The Impact of Technolor' on Skill Requirements 

Technology will also have an impact on the skill requirements 
needed for al! jobs at aUlevels (Rumberger. 1984). As occupa- 
tional skill requirements change as a result of technology, the 
education and training needed by future and existing workers 
must also change. However, are the skill requirements increas- 
ing or decreasing as a result of the advances in technology? The 
answer to this (lueslion will ha^-e a great impact on the content 
and deliveiy of vocational edncatuMi programs. 

The literature identifies three different views regarding the 
impact of technology on skill reciuirements. Each of these views 
will be examined as they relate to vocational education curricu- 
lum and inslruelion. 

View 1: Sophisticated technology creates a wider gap between 

high skill and low skill jobs. The first view suggests that advances 
in technology will create a wider gap between the high skill level 
jobs and the low skill level jobs (Nettle. 1986; Rumberger. 1984) 
which may result in a bimodal distribution of the workforce 
(Grubb. 1984). Figure 6 graphically shows the potential distri- 
bution of occupations based on skill levels if this view is true. 

This view is built on the premise that technolog>' creates a 
need for highly Iniined and educated workers to design, develop, 
and maintain the new technologies. These individuals will 
recpiire some type of college degree which will increase the need 
for workers with M.A.'s and Ph.D.s in technical areas. On the 
other end of the skill continuum are a great number of low skilled. 

low paid workers who have 111 tie need for training. This bimodal 
distribution is thought to be made up of SO'M, seini skilled or 
unskilled workers and only 20% highly qualified and skilled 
workers (Nettle. 1986). 



O 25 ']'\ 

ERIC ' 



Sophisticated Technology, the Workforce, and Vocational Education 



WORKER SKILL LEVELS 



Lilllo Training 
Low Skills 
Low Pay 



Much Training 
High Skills 
High Pay 



Low 



Medium 
Level of Skills 



High 



Figure 6. Distribution of Worker Skill Levels. 



View 2: Sophisticated technology cre^ctes jobs at both middle 
and high skill levels. The second view suft^v^sls that advanees in 
teehnolo^ry creates Jobs at both the hi^^h and middle skill levels 
(Grubb. 1984). Data collected Ibr hi^h technology and 
lional nianulacluriii^J sectors in Texas clearly show llial Uu: 
occui)atioiial distribution orsoi)hlslicated techiiolo^vmanufac- 
luriti^ is not biniodal. Fifiuvc 7 jfraphically shows the occupa- 
tional distribution between hi^h technolo^^y and conventional 
manufacturing' industries based on 1980 Census data. As 
su^ested in the first view, the need for hi^h skill levels increases 
as sophisticated lechnolo^fy is incorporated. However, in con- 
trast to the first view. Figure 7also shows that the need for middle 
level skills increases as technolo^fy is incor{)oraled. 

While tlie above data is from one stale in one priinaiy 
industry, the data does corroborate with Bureau of Labor Stat is- 
tk\s national data (Grubb. 1984). Sophisticated technology 
sectors do hire more technicians and computer specialists. In 
addition, the projected ^^rowlh in middle to hi^^h skill level 
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MANUFACTURING OCCUPATIONAL 
DISTRIBUTION 




High Level Middle Assembler Clerical Other 
Level 

Occupations 

Figure?. Manufacturing Occupational Distribution. 
Source: Grubb, (1984) 

technician jobs are hifiher in most hi^h tech industries than in 
conventional industries. This is esi)ecially true in the health and 
inibnnation technoloj^y lields where more technicians are bein;^ 
used to perromi very si)eciric tasks, thus freeing the i)roressional 
to monitor technicians and to i)erform other tasks. 

As low skill level assemblers are replaced by middle skill level 
technicians, the amount of traininj^ needed to obtain the higher 
skill level i)ositions will increase. Figure 8 shows the dilTerence 
in the amoutit of education needed by the workforce in conven- 
tional and hi^h technology manufacturinjj; industries. An in- 
creased demand for education at t he i)ost-secondary level can be 
l)rojected as technolo^ in inle^rated into the i)rivate sector. If 
technolojL^y increases the need for i)cople with middle level skills 
and decreases the need for people witli low level skills, vocat ional 
education should focus on the retraininj^ that will be needed to 
raise the skills of the assemblers so they can fill the middle level 
skill occupations that will become available as teehnoloMy is 
incorporated into the worki)lace. 




27 



• 1 c 



Sophisticated Technology, the Workforce, and Vocational Education 



POST-SECONDARY EDUCATION LEVELS 



30 




Conv. Manulacturing High Tech. Manul. 



Degree of Sophistication 



Figure 8. Post-Secondary Education Levels Needed 
Source: Grubb. (1984) 

View 3: Sophisticated technology decreases the overall skill 
requirements of the workforce. The third view suj;tfesis thai 
advances in technolo|fy will actually decrease the overall skill 
requirements needed by the workforce (Bartel & Lichtenberjf. 
1987: Faddis. Ashley. &Abrani, 1982; Rurnber^er. 1984. 1987). 
While the characteristics ol luture jobs will likely chan;^" the 
overall skill reciuirenients are expected to decrease according lo 
this view. A general assumption rejL^arding the impact ol technol- 
ofy' on skill reciuireinents is that as technolo^^^y advatices. the 
skills needed to work with technoloj^y also increases. This view 
appears to be developed by many people as they interact with I he 
technolo{4ical world. For example, niary people believe that a 
computerized word processor is a hiffhly technical tool that is 
much more complex than the manual or electric typewriters with 
which they were eomlbrtalole. Another example involves the 
many backyard mechanics who at one time were able to repair 
their own automobiles. Because of the advances in technolo^^v. 
these mechanically inclined individuals are having considerable 
difficulty comprehending the new technological systems Ibuiul 
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IMPACT OF TECHNOLOGY 
ON WORKER 
SKILL REQUIREMENTS 

Research 




Increasing Sophistication of Technology 



Figure 9. Impact of Technology on Worker Skills. 
Source: Bright. (1S66) 

ill laic model vehicles. 

As lechiiolo^ advances it certainly appears as though the 
skill rcquircnicnls needed to work with those technologies also 
increase. This statement is only partly true, Research indicates 
that the Impact of technology on worker skill requirements is veiy 
dirferent from the jL^cner * assumi)tion (see iM^ure 9). While the 
skill requirements do Increase initially, as a technolo^ is further 
developed and refined, the skill requirements needed to use that 
Icchnolof^y actually decrease. An exanii)le of this phenomenon 
is the computer. When the computer was originally invented, it 
was a very complex machine that was difficult to use. Following 
the development of technologies tliat lead to the production of 
transistors and then inlcf^raled circuits, the computer became a 
smaller, more powerful machine that was immensely more 
complex than the original computer. However, w^liile the com- 
puter became much more sophisticated, it also became more 
"user friendly.** Refincme its in computer technology have led In 
the development of a machine that is relatively easy to learn how 
to use. The trend to simplify the use of equipment results in a 
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deskilling of Ihc workforce because the technolog/ reduces the 
need for much of the menial and physical work needed to 
conduct daily work tasks. Other examples of this deskillin^ 
phenomenon can be found in computer pro^ramniin^^. auto- 
mated production, printing, clerical work, and machininji^. 

These three views present differing projections of the impact 
of technology on the skill requirements of the worklorce. liased 
onthe above discussion, several conclusions can be made. iMrsl. 
technology has resulted in a decrease in the skill requirements 
of some jobs. Second, technology has resulted in an increase in 
the skill requirements of somejobs. Overall, however, it appears 
as though there has been little change in the avemqe skill 
re(|uirements of jo])s. hi a recent study of 200 individual case 
studies. Flynn (19H5) found that while some workers skill 
re(|uirements have been upgraded, other workers* skill re(|uire- 
meiits have been downgraded. It appears as though the overall 
el'fect of technology on the skill requirements is small. On an 
individual basis, however, the effect of technology on skill 
requirements ajDjDcars to be quite drastic. 
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SECTION 4 

THE WORKFORCE 
OF THE FUTURE 

While technolo^ has made some tasks easier to complete, it 
has also made other tasks more difficult. Rather than attempt 
to identify the overall impact of technology on the workforce by 
examining increases and decreases in skill requirements, more 
relevant inlbrmation can be obtained by identifying the specilk 
skills and competencies that are needed by the workforce of the 
future. 

Amajor objective of the SophisticatcdTechnology Project was 
the completion of an investigation of the impact of advanced 
technologies on the workforce. l\vo activities were planned and 
completed to address this objective: 

1. A review of recent workforce comi)eteney literature. 

2, A series of interviews of individuals Irom various busi- 
nesses in Illinois, Michigan, and Ohio. 

The following sections contain a review and analysis of recent 
workforce competency literature and a summary of the inter- 
views that were conducted. 

Summary of Workforce Competency Reports 

Since 1985. several state and national reports have appeared 
which (a) predict the nature of the workforce of the future based 
on labor market statistics, (b) suggest skills and competencies 
that will be needed by the workforce if the United States is to 
regain its competitive advantage, and (c) offer recommendations 
regarding the education and training that is needed to prepare 
the worker of the future. These reports have gained a great deal 
of national attention and seem to be adding fuel to the educa- 
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lional refoniiniovcrnent ofllie 1980s. Consequently, vocational 
educators need to hecoiue Ihorouj^hly fanilliar with the contents 
ofthese reports, especially the skills and competencies that are 
identified and the recommendations for education and training. 
TiiefollowinjJis a summary and analysis offive state and national 
workforce projection reports which seem to have tlie greatest 
potential to significantly impact the preparation of luture work- 
ers. 

Tlie five rejDorts chosen Ibr analysis were: 

• Kmployability vSkills Task Force. (1988), Report to the 
Govcnwr's Cojwnission on Jobs cmd Economic Develop 
ment (A Michigan eniployal)iliiy profile). Detroit, MI: 
Governors Conmiissionon Jobs and Economic Develop- 
ment. 

• A series of articles from the Southtjrn Growth Policies 
Hoard's 1086 Commission on the Future of the South. 

• Carnevale, A. P.. Gainer, L. J.. & Meltxcr, A, S. (1988). 
Workforce Basics: Tlie skills employers want. Washing- 
ton, DC: IJ. S. Department of Labor P^mi^loyment and 
Training Administration The American Society kr 
Training and Development » 

• McLaughlin, A, Bennett, W. J., iSt Verity. C. W. (1988.'. 
Buildincj a qualiti) workforce. Wasliington, D(': IJ. S. 
Dcpcnlnient of Labor, U. Department of Fducation, IJ. 
S. Department of Commerce. 

• Johnston,W.B.;?i Packer. A.M. (1987). Work force 2000: 
Workcind luorkersfor llie21si cenlunj. Indianapolis, IN: 
Hudson Institute. 

The stated and impli(!d recommendations of the five workforce 
competency reports were summari/ed into seventeen categories. 
As shown in Figure 10, the categories are listed in descending 
order beginning with those mentioned by all of the sources. The 
remainder of this section is devoted to an exj)lanation of the 
seventeen recommended skills and competencies. 

Reading & Comprehension Skills 

As tcchnoU)g>^ advances, almost eveiy ocxMipation tends to 
becomes more technical in ruiture. A major cliaracteristic of 
technical occupations is thai the written material that accompa- 
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nies the new eqiiiprncrU and processes is also more technical 
which makes the material much more dilTicult to read, hi 
addition, more and more occupations involve interaction with 
computers and complex computerized equipment. As a result, 
more and more workers in the future will need to be able to read 
and comprehend at a much higher level than the present 
workforce. According]; to Mikulecky ( 1 984) approximately 70% of 
the written material used in a cross section of jobs requires at 
least a high school readin^^ level. The vast majority of the 
employers contacted as a part of the Biiildiiig a Quality Workforce 
(McLau^^hlin. Bennett. & Verity. 1988) study agreed that all 
workers need at least an eighth grade reading level and that most 
technical occupations require at least a 12tli grade residing level. 

All of the reports mentioned that there is a growing discrep- 
ancy between the needs of business and the reading and 
comprehension skills of the current workforce. However, it 
should be pointed out that the majority of the current workforce 
is literate. A major problem identified by the Workforce Basics 
rej)ort (Canievale. Gainer. <St Melt/er, 1988) is that reading skills 
are often taught in isolation of real-world activities for the 
puri)ose of learning facts. They contend. 

Reading tasks on the job are different. Tliey 
recjuire the reader to be analytical, to summarize 
inlbrmalion. and to monitor one's own compre- 
hension of the reading task. This is an interi)re- 
tive approach that requires the reader to have 
active involvement with the reading task. From 
the employers j)erspective. basic training in read- 
ing should focus on teaching reading i)rocesses 
for locations of infonnalion and Ibr using higher 
level thinking strategics to solve problems (Car- 
nevale. Gainer. & Meltzer. 1988. p. 10). 

Written and Oral Communications Skills 

Kven in the factories of the past, wliere the majority of the 
workers spent the entire day working in isolation at some 
p-j)elitive task, workers spent a considerable amount of time 
coinimuiicating witii others. In many of todays occupations 
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(c.^.» word processing and Irlcphone operators), conimunioalion 
is the central activity. The ability to conmiunicate elTectively was, 
and still is, essential for productive employment, hi the future 
more workers will be asked to work in teams, deal directly with 
customers, and i)articipate in declsion-makini^. All of these 
chanf^es increase the importance of the ability to speak and write 
effectively, hi addition to effectively communicating^ with others, 
the chan;j;in;^ workplace also requires the ability to communicate 
with a computer or some other electronic device. 

Thinking, Problem-Solving, and Decision-Making 
Skills 

The W()rkf(^rce reports unanimously a;j[ree that emj)]oyers 
want workers who can think on the job. solve complex problems, 
aiui make decisions, hi the manufacturing businesses of tlu* 
])ast, it was most important for supervisors and mana/^ers to 
have these skills. Today, however, many more businesses and 
industries are involving their workers in the decision-making 
process throu/^h quality circles and production teams. In many 
technical occupations, keen analytical skills are needed because 
a considerable amount of time is spent troubleshooting and 
repairin;^ complex electronic eciuipment. 

hi an effort to increase productivity, quality, and the ability 
to react ([uickly to problems, many businesses and industries are 
bej^lnnlng to encourage declsion-niaklngat the produc^tlon level, 
thus llattening the corporate structure and decreasing the need 
for middle management. 

Bank tellers are becoming financial consultants rather than 
transaction handlers. Biomedical equipment technicians, in 
addition to maintainingmedlcal eciuipment, learn howtooj)erate 
new eciuipment and then train others In its proper operation. 
Workers in a modern automobile factory are members of teams 
that are responsible for assembly, quality control, and evalu- 
ation of the production j)rocess, and are also asked to suggest 
v/ays to improve the production process. These examples serve 
to show that a growing proportion of the workforce of the future 
will need to be able to think clearly and critically, solve complex 
problems, troubleshoot. and make decisions. 
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Computation Skills 

All of the reports agree that the workforce of the future must 
be proficient in basic computational skills. As a minimum, eveiy 
worker should be able to do basic arithmetic, which includes 
working with fractions, decimals, proportions, and measure- 
ments. As occupations become more technical skill with 
algebra, geometry, statistics, and trigonometry becomes essen- 
tial. 

In the past, machinists needed to know algebra and trigo- 
nometry to operate the machines and produce complex parts. 
Today, machinists working with Computer Numerical Control 
(CNC) machines or Fully-Automated Manufacturing (FAM) are 
recjuired to know machine programming, the Cartesian coordi- 
nate system, and statistical process control. 

Technical Skills 

Wliereas technical skills were implied in all of the reports, it 
was mentioned specifically in only three of them. Educational 
refomiers of the 1980s, many of whom believe that vocational 
education does not belong in public elementary and secondary 
education, would have us believe that businesses want gradu- 
ates to have only strong basic skills and that each business will 
provide technical training for their workers (U. S. Department of 
Kducation. 1986). However, the evidence does not support that 
contention. 

According to Carnevale and Schul/. (1988), only 36% of all 
employees ever receive fomial or infomial on-the-job training. 
They point out that the majority of the on-the-job training goes 
to professionals, that is, those workers with the highest educa- 
tion levels. Carnevale, Gainer, and Meltxer (1988) report that 
research shows that workers who have only a high school 
diploma are not likely to receive any on-the-job training, while 
those with a two-year degree are 20% more likely, and those with 
a college degree are 50% more likely to receive on-the-job 
training. In addition. Gray (1989) points out that the majority of 
entry level workers are younger workers who go to work for 
smaller firms (i.e.. with less than 100 employees) which usually 
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are not able to provide formal training or educational assistance. 

Several of the reports mention tl at other countries are able 
to get a product from the idea stage to production much quicker 
than the United Stales. Carnevale and Schul/ (1988) contend 
that this is partially due to the amount of training given to our 
scientists and other professionals. They argue that business/ 
industry must begin providing additional training at the blue- 
collar or technician level if there is to be an im])rovement in the 
ability to produce products. 

Finally, technical skills are essential because they facilitate 
the ac(piisition of additional skills. On a veiy practical level, 
employers tend to select those workers who ilready have well- 
developed technical skills to learn and use new equiimicnt and 
processes. When CNC machiningis introduced into a company, 
it is very common for the comi)any to select their best machinists 
to learn (he new production process. In an office, secretaries who 
possess solid word processing skills are often selected to learn 
desktop publishing. When one considers how individuals de- 
veloj) expertise, having some technical skills makes it easier to 
learn new technical skills. Consequently, technical skills are 
more important than many education reformers would suggest. 
What still remains to be determined is how and when technitra) 
.skills should be taught and the role of vocational education in 
that task. 

Flexibility 

The days of graduating from high school and goinglo work lor 
a business or industry, then retiring from that same company 
some 35 to 40 years later are gone. Today, and in the future, it 
is more likely that individuals will change jobs and careers 
several times in their lifetime. Tlie previous decade has wit- 
nessed the emergence of new occupations, the alteration of 
others, and the demise of still others. The workforce reports 
contend that the competitiveness of the U. S. is contingent ui)on 
the ability of the workforce to quiekly adjust to these situations. 

Workers also need to be flexible enough to deal with the 
constant and rai)id changes in existing technology and the 
emergence of new technologies. New etpiipment and ])rocesses 
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which arc beiti^ developed at an increasing rale, new and more 
I)roducts/services, and variations in existing products/services 
will re(iuire a workforce that is llexible anci can chan^^e ciuickly, 
The workforce of the future must also contend wilii a wider 
variety of workin^f arranf^enicnls. Many manufactMriii^j; busi- 
nesses are usin^ production teams where workers from several 
dilfcrent areas within the company work tojfcther to i)roduee a 
product. Advances in tcchnolo^' have also allowed ttie duties of 
several jobs to be perfoniied by one person. For cxanii)Ie, the 
introduction of computers in banks has made it possible for 
tellers to provide several services to the customer which, prior to 
that time, were provided by otherworkers, Technolojiy is making 
it possible for some jobs to be eliminated, while increasinjf the 
ranj^e of skills needed to do those jobs that remain. Conse- 
quently, employers waul workers who are llexiblc, who can learn 
quickly, and who can adapt to a wide variety of situations. 

Ability to Learn/Adaptability 

Accordinjf to four of the five reports. Ilexibility, adaptability, 
j)roductivity, and competitiveness are dependent upon llie 
worklbrce's ability to learn. VVo/ /cp/ace/Jasics(Canievale, Gainer. 
Si Melt/.er, 1988) maintains that the ability to learn is the "most 
basic of all skills" (p. 8). They contend" that this .skill is the 
ibuudatiou that will make tlie successful accpiisition of other 
basic skills possible. Ihiilding aQnaUty \V()rkJbn-e[Mc\A\\\^U\in, 
Beiiiiett, & Verity, 1988) calls for workers who can "fi^^ure out 
what they need to know and how to hnd that infonuation" (p. 1 B) 
The Southern Growth Policies Board ^^oes so I'ar as to imply that 
leaniitij^ how to learn ensures the ability to chan^^e. 

Tliere seems to be little doubt that bein^^ able to learn and 
adapt to chan^^e are essential skills Ibr the worklbn-e of the 
hiture. Workers niu.sl be able to learn on the job (piickly as 
technolo^^ies.producl.s.andsen'iceschanMe. Workers must also 
be willing and able to learn new jobs as old ones become obsolete 
and are replaced, However, it needs to be made explicit (hat 
emi)loyers want i'mi)I()yees that are able to learn, not to continue 
improving their basic skills, but to improve their technical. skills. 
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Positive Attitude, Motivation and Self-Direction 

In order for American businesses/industries to improve pro- 
ductivity and thereby rc;j[ain their worldwide competitiveness, 
the majority of the workforce rcjDorts contend that the workforce 
must be motivated and self-directed. Workers with a positive 
attitude who are willing to determine what needs to be done and 
then take the initiative to ^cl the job done well are needed if 
America is to re^^ain its competitiveness in the world market. Of 
coin se. this type of worker has always been sought by business 
and industry. However, these rejDorts contend that these skills 
arc currently needed and will become even more imi)ortant in the 
future. 

Teamwork and Interpersonal Skills 

With the incMrased use of production teams in manufactur- 
in;^ finus. wilh the increased need to share information in many 
occupational areas, and with an increase in the number of 
service workers and others who deal (iirectly with customers, 
there is a /^rowinj4 need for entiy-level employees to possess 
stron;^ interi)ersonal skills. Workers must be able to communi- 
cate and work efl'ectivcly with their colleaj^ues and sujDervisors. 

Manulacturers want emi)loyees who can work to/:^ether and 
have the interi)ersonal skills to make a contribution to the team. 
According to Carnevale, Gainer, and Melt/er (1988), "whenever 
people work together, successful interaction dej)ends upon 
ell'ective interi)ersonal skills. Ibcused ne/^oliations, and a sense 
ol'/^rouj) purjDose. The ([i iality of these three factors del'ines and 
controls workin/^ relationships" (j). 14). ^ 

Creativity 

The Michi/^atiKiiipU)yabilitySkillsTaskForce( 1988) calls lc)r 
workers who have I he iibility to use inlbmiation. knowlcdf^e, and 
beliel's to ^^enerate imi(iue solutions to problems. RoscnlVld 
(1986), writin/^ Ibr the Southern Growth Policies Hoard, ar/^ues 
that employees are needed who are al)le to use their knowled/^e 
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to conlribule to innovalion. Business and industry has always 
needed "idea people", bul today it is even more iniporlanl for 
workers to have the expertise to put their ideas into practice. 

Understanding the "Big Picture" 

If bank tellers are going to function as "frontline" financial 
consultants, if product ions workers are going to work in tcarns. 
and if employers want workers who are flexible and can perfomi 
a wide variety ol jobs, then workers need to have an understand- 
ing of (he "big picture" (i.e.. how a product or service gets IVoni 
idea to delivery, and how the company works). Carnevale. 
Gainer, and Melt/er (1988) suggest that in order "to be effective 
in an organization, employees need a sense ofthe workings of the 
organization and how their actions allect organizational and 
strategic objectives" (p. 15). Rosenleld (1986) emphatically 
states that "modem businesses seek the individual who. in 
addition to tecimieal competence, is able to understand how the 
entire production and business systems lU together" (p. 2). 

Good Work Habits 

Little needs to be said about these skills which have been 
highly valued by employers for as long as there have been 
employers and employees. Employers want employees who are 
reliable, trustworthy, capable of working independently, and 
who come to work regularly and on time. In this age of intense 
ct)mpeti(ion. American business cannot alTord the extra expense 
of repeatedly rei)lacing bad employees and training new ones. 
They also cannot alTord the reduced productivity caused by 
workers with bad work habits. 

Multicultural Skills 

Kach of the reports points out that American businesses/ 
industries are dealingwilh a global market rather than a national 
market. Raw materials, capital, labor, products, and sendee are 
available on the world market Irom a variety of sources. Prosjirc- 
tive buyers are now in a position to purchase Irom a supplier. 
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anywhere in the world, who has the best product/service at the 
lowest price. In addition, many companies have entered into 
joint ventures with overseas companies. This often results in the 
two companies sharing ideas, techniques, and even employees. 
Consequently, two of the workforce reports recommend that 
employees have an understanding and appreciation of other 
cuHures so they can deal elTectively with an international market 
and Joint ventures. 

Career and Personal Development 

In the future, workers will need to have the knowledge and 
skills to elTectively direct their own careers. Witli an increasing 
number of job and career changes, and with the transience of 
nianyjobs and companies, it will bemore important in the hiture 
for employees to take it upon themselves to direct their own 
careers instead ofrelying on the company to determine what they 

need. 

Summary of Project Interviews 

The preceding summary was based on several national and 
state reports, all of which were from sources outside Illinois. 
Undoubtedly, much of what has been written about the workforce 
of the future does apply to Illinois. However, the degree to which 
these findings and recommendations do apply to Illinois is 
dei)cndent upon the degree to which the situation in Illinois is 
similar to these other areas. !:> help alleviate this lack of infor- 
mation about the needs of the future workforce in Illinois, a series 
of interviews with a wide variety of bus'nesses and industries 
were conducted. The following is a summarvofthe met hods used 
toconduct this study and the themes that e ^rged from the data. 

Method 

The subjecls for this study included personnel managers, 
persoimel specialists, department managers, general managers, 
business owners, and (X)n)orate level persf)nnel. A total of 3(5 
interviews were conducted. 1 he decision to ibcus on personnel- 
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oriented managers ralhert han training specialists was based on 
the assumption thai personnel managers/specialists would 
have the oest understanding of the entry-level employment re- 
quirements for all of the jobs within a particular company and 
because they are concerned with job qualifications and not 
necessarily the amelioration of deficiencies in the existing 
workforce which is the concern of most training managers. 

A major concern of this study was to gather data from as 
many technological areas as possible. The businesses and 
industries that were interviewed included food production, auto- 
mobile manufacturing, machining and fabrication, heavy equip- 
ment manulacturing, pharmaceutical manufacturing and re- 
search, biotechnology research and development, agricultural 
research and development, agncullural production, manufcic- 
turing training and production consultants, aircraft simulators 
manulacturing, photocopier manufacturing, plastics rnanufcic- 
turing. financial institutions, electronic controls design and 
manufacturing, computer software developers, commercial print- 
ers and newspapers, coal mining, a computer disk manufac- 
turer, a biochemistry laboratory, a utility company, a foundry, 
and a hospital. Businesses and industries were chosen to ensure 
representation in eacli of the four classifications of technologies 
(i.e., physical, biological, informational, and organizational). The 
following set of questions was developed to guide the interviews: 

• Do you currently employ technicians (a definition was 
provided)? 

• WIkU are the general duties of these positions? 

• WTiat skills and competencies are needed to perform 
these jobs? 

• How do individuals get these skills and competencies? 

• What changes have taken place in these occupations in 
the i)ast five years? 

• Does your company provide training? How much, to 
whom, arul what type? 

• Is your company having any problems finding (lualified 
people lor these positions? 

• Doesyour /^ompany use outside sources of training (e.g. , 
area higli schools and conmiunity colleges)? 

Whenever possible the interviews were recorded and tnui- 
seriptb were typed. Field notes were also taken during and after 
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the interviews. The data was analyzed to identify any prevalent 
themes regarding the skills needed by workers in the future. 

General Themes 

The growing need for computer skills. There v/as almost a 
unanimous agreement that employees need basic computer 
skills. Secretaries are now using word processors. Almost every 
bank employee uses a computer in some aspect of their work. 
Production workers interact with the computers that control the 
machinery and store production data. Hospital employees use 
computers to access and record patient infomialion. Wliile there 
are many jobs which still do not involve computers, every 
btisiness that was interviewed had significantly increased their 
use of computers in almost every department. 

A focus on b."*ecific job qualifications. Personnel managers 
lend to focus on the level of education and the experiences of the 
applicants. In most cases they seemed to assume that the 
successful candidate would possess solid basic skills. Personnel 
managers are constrained by company policies and the wishes of 
the department managers they have to satisfy. Consequently, 
personnel managers were far more concerned about hiring the 
applicant with the most relevant education and experience. One 
personnel manager in a large information company slated that 
he would be hard pressed to recommend hiring a person who did 
not possess the qualifications listed in the job description even 
though that person might have very solid skills. 

It was also noted that largercompanies were more interested 
in hiring employees who have solid basic skills while smaller 
fimis seemed to desire individuals with strongjob-specific skills. 
It was also interesting to note that companies who were involved 
in pre-employment testing were much more concerned about 
basic skills than companies who did not have pre-employment 
testing. Technical skills were irrelevant ifthe applicant could not 
pass the basic skills test. 

Discrepancy in recommendations. As mentioned by Rosen- 
feld (1986), there was a disci epancy in the infomiation received 
from personnel managers and that received from training man- 
agers. Personnel managers were far more concerned about 
specific job requirements while training managers seemed to 
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focus on correcting deficiencies in the existing workforce. Con- 
sequently, when considering the reconiniendalions of the 
workforce projection and needs assessment reports. It is essen- 
tial that it be noted which individuals are providing the data. 

Promotion from within. Many companies hire individuals for 
basic entry level positions, then promote from within. This 
approach gives the company an op)portunity to evaluate the 
employee before they invest additional time, effort, and money. 
Employees who perfomi well at that level are promoted and are 
provided additional training as needed. 

Changes occur slowly . Companies are much slower to adopt 
new equipment and processes than the popular media would 
have the American public believe. For the most part, the 
employers that were Interviewed would implement new equip- 
ment and processes when it became profitable to do so. Conse- 
qiu*ntly. it seemed that the majority of the employers, especially 
the smaller ones, were still using mature technologies even 
though sophisticated technologies were available. 

Tiiere were two distinct areas that were changing at a much 
greater rate than the rest. Biotechnology researcli and develop- 
ment, and the medical fields seemed to change fastest and most 
often as new techniques and equipment develop. Occupations in 
these fields utilize the latest equipment and devote a great deal 
of time and energy to training. 

Diversity within fields. Even within tlie same field, no two 
employers are alike. Differences in management philosophies. 

lyles, and production techniques makes it very difficult to make 
broad generalizations about the changes taking place witli a 
j)articular field, much less the entire workforce. 

Changing skills and competencies. The interviews did sup- 
port the general contention that the recjuired technical skills 
were changing and that tlie changes were going to continue. 
Occupations are dilfereut today, due to technological clianges. 
than they were five years ago. A major change seemed to be a 
trend away from a reliance on {)hysical skills and human power, 
to mental skills and machine power. Employees are doing more 
mental work and less physical labor. 

Employers provide formal and informal training. There was a 
wide varit^ty of programs used to deliver training, however, 
almost all of the employers were providing some sort of on-the- 
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job Irainin^f. The lar^fer companies were more likely to have 
formal Irainiiif^prograih.-, and were more likely to provide edium- 
tional assistance in the form of reimburseinerU for siukx-ssIuI 
completion of college courses. Smaller companies tended to rely 
on In-house, on-the-job training pro^f rams; a great deal of which 
is provided by the vendors of new ecjuipment. 

There did not seem to be any consensus among the employ- 
ers with regard to the use of community colleges to prov de 
training. Some employers were using communitycolleges a gt eat 
deal both through customized training and through regularly 
scheduled courses. The opposite situation was also prevalent. 
Some of the employers found conmiunity colleges difficult to 
work with and uninterested in providing the kind of training the 
company needed in a format the company could use. 

Conclusions 

Based on the inlbmiation obtained through the synthesis of 
the workforce reports and the interviews with business and 
industry representatives, several general conclusions regarding 
the competencies of the workforce of the future can be made. 

1. Employers need employees who possess solid basics 
skills. Wliereas these skills were essential, in the past . lor 
promotion beyond entry-level positions, these skills have 
and will continue tobecome more important at the entry- 
level. 

2. Employers need employees who possess solid technical 
skills. As stated by a utility cominmy representative, "To 
be considered for ajunior draftsman position, a person 
must have completed a two-year drafting program. They 
will then receive twomore years of training on our system 
before they can become a draftsman." In the medical 
fields, most of the occupations require a certihcate from 
a training program and state or local licensure. As stated 
by Gray (1989). it seems that what employers mean by 
basic skills is somewhat different from what academi- 
cians mean. 

3. Vocational education is still very much needed in the 
United States. What is unclear is when, where, and by 
whom vocational education needs to be delivered. What 
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is quite dear is thai a larj^e portion of vocational educa- 
tion programs have been guilty of focusing exclusively on 
job specific skills and have ignored some of the other non- 
technical skills that are necessary for successful employ- 
ment. 

4. Almost eveiyone graduating from high school today and 
in the future needs to be "computer literate." Computers 
are already a major part of many occupations and their 
use will undoubtedly continue to increase. This doesn't 
mean that every student needs to be a comi)uter pro- 
grammer. Every student needs to know how to use a 
computer and how to peri'omi basic applications sucl; as 
word processing, database applications, and spread- 
sheets. 

5. In the future, ei .ployees will spend more time in training. 
While less time may be spent in training to secure an 
entry level position. emi)loyees in the future will need 
more training to ui)grade their knowledge and skills as 
technology changes. In addition, employees will need 
more retraining as they change jobs and careers in the 
future. 

6. The employment picture is a comj^lex one and will recjuire 
additional and repeated study if the United States is to 
prepare adequately for the future. 
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SECTION 5 

EDUCATION TO PREPARE THE 
WORKFORCE OF THE FUTURE 

When addressing the issue of technolo^^ical change and the 
implications for education al an annual convention ol' the 
Department of Rural Education and its Division of County and 
Intemiediate Unit Superintendents. Venn (1963) slated, . . we 
are turning out too many young people into a technological age 
unequ ipped with the tools Ihey need to live and work effectively." 
The significance of this statement lies in the fact that Venn's 
presentation took place over 25 years ago. 

Secondary and Post-Secondary Vocational Programs 

Vocational education as a separate and distinctive curricu- 
hini to furnish the necessary tools needed to live and work 
effectively resulted from the passing of the Smith-Hughes Act in 
1917. The Smith-Hughes Act. by appropriating over 7 million 
dollars per year to be used for preparing young people for 
immediate employment, established vocational education as a 
national priority. 

P"ew structural and progranmiat ic changes occurred in voca - 
tional education from 1917 through the middle of the centuiy. 
However, during the 1950s, nevvforecasts of increased industrial 
automation led people to rethink the purposes of vocational 
education. Congresspassed the National Defense Education Act 
(NDEA) in 1957 after the launching of the Sputnik satellite in an 
attempt to diminish existing shortages of technicians. This act 
allocated funds for the training of tev^hniciaus for occupations 
requiring scientific knowledge and authorized funds for special- 
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i/ed technical institutes and area vocational centers to deliver 
more specialized vocational education programs (Rosenfcld, 
1986). 

National priorities chan/^ed again In the early 1960s as many 
legislators believed thai the eff ects of the NDKA were reaching 
only a small number of vocational education students. The 
entire vocational education initiative came under review when 
President Kennedy requested that the Secretary of Health, 
Education, and Welfare appoint an advisory body, called the 
"Panel of Consultants on Vocational P^ducation," to evaluate and 
recommend changes for vocational education. The Vocational 
Education Act of 1 963 resulted from this Panel of Consult ants on 
Vocational Education. Many of the two year post-secondary 
technical institutes became eligible ibr, and received, federal 
funds during this time because many of the technical occupa- 
tions retjuired skills and knowledge beyond that provided at the 
secc^Mdaiy level. 

Ihe development of these twoyear i)ost-secondary programs 
shoi lid have led to i)rogram articulation between the high schools 
and the technical institutes. Instead, the high schools and post- 
secondaiy institutions often comi)eted for limited resources. As 
a result, high school programs became even more specialized in 
an attempt to prepare students for technical occupations. Col- 
leges concurrently began placing emphasis on oiTiceoccupatioihs 
and trade and industrial programs and j)aid too little attention 
to the prcj)aration of technicians (Rosenfeld, 1986). 

Tlie 1980s have not been without vocational cducati(jn re- 
Ibrm movements. Federal vocational education policy changed 
once again when the Carl D. Perkins Vocational Education Act 
was passed in 1984. For the I'irst time, vocational education 
explicitly addressed and resi)on(ied to the impacts of technologi- 
cal change. The Perkins Act directed states to plan for teehnc- 
logical changes in the economy, to orchestrate programs with 
new industries dependent on a technically competent workforce, 
to prej)are people Ibr technological clianges in the workplace 
using technologically advanced equipment, and to assess their 
perl'omiance in meeting technological needs. 

The Perkins Aet recpiired that a state, before receiving federal 
funds, be evaluated in temis of specific criteria, which include 
the pertinence of jnograms to the workplace and to new and 
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ernergin/^ Industries and the lechnoiof^ical and educational 
quality of vocational curilcula. equipment, and instructional 
materials to enable vocational students and instnictors to meet 
the challenges of increased technological demands of the 
workplace. 

Of the Perkins Act's 24 authorized uses, those which relate 
to technological changes include: 

• the improvement of vocational education programs in- 
cluding high-technology programs involving industry- 
education partnerships. 

• exemplary' and innovative programs which stress new 
and emerging technologies, and 

• the accpiisition ol high-technology eciuipment lor voca- 
tional education programs. 

Recent federal legislation has attempted to dclinc vocational 
education's role in preparing the worker ol the future. Have 
vocational education programs effectively adapted to the chang- 
ing skills and competencies that are desired by employers? As 
one examines the cun'iculum of vocational classrooms, it is not 
clear that the desired knowledge and skills are being provided. 
One can find numerous classrooms where these desired skills 
are not being addressed. The discrepancy between industry's 
needs and vocational program offerings was echoed In a recent 
publication from the National Alliance of Business (1988). 

Vocational education programs need to become more re- 
sponsive to the demands of a changing workplace. While 
employers indicate they need entry level employees with more 
than the technical training offered by most vocational education 
programs, many of these programs continue to concentrate on 
highly specific job skill training, often conducted with obsolete 
eciuipment using outdated methods that are no longer compat- 
ible with cuiTcnl processes and practices. (National Alliance of 
I3usiness. 1988) 

While the efforts to change vocational education programs to 
better prepare the worker of the future have had a limited overall 
impact, several exemplary programs do exist. It Is these exem- 
plary vocational education programs that can become the mod- 
els for other programs in order to adequately meet the challenge 
of preparing the worker of the future. The following section 
describes the exemplary programs that appear to provide appro- 
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priate vocational training to meet future workforce require- 
ments. 

Core-Plus-Specialty Curriculum Design 

A number of community colleges have been trying to find in- 
novative curricular designs to become more efficient in providing 
the pre-requisite foundation courses and providing greater 
opportunities for technical specialization. The core-plus spe 
ciallij design allows a student to gain the basic knowledge and 
skills required in a variety of specific occupations and at the same 
lime see how a selected occupation relates to others within the 
same setting. This curriculum design has several advantages for 
the college as well. It allows colleges to support smaller enroll- 
ments in the specially courses by having larger enroUmenls 
within the technical core courses. Another advantage to the 
college using the core-plus-specialty curriculum design is it's 
ability to cross train or retrain individuals who have previously 
completed the core requirements. 

The core-plus specially program design can foster coopera- 
tive efforts among community colleges within a geographic 
region. The cost of implementing specialties within each cluster 
is generating articulation efforts betv/een community colleges lo 
share resources and develop inter- community college curricu- 
lum arrangements. This type of 1" cooperative effort allows 
students to transfer from oi le college to another after complel ing 
the general and technical core requirements thereby enabling 
them to complete their desired specialty. 

Tech-Prep 2+2 

I'he need to i)rovide an appropriate education and training 
lor the large percentage of our high school students who will 
either not attend college or will attend college but not graduate 
has recently been addressed. According to Pamell (1985). three 
out of four high school students belong to this group identified 
as the "neglected majority". 

In an attempt to better serve the neglected majority, many 
high school and community college systems throughout the 
country havejoined efforts to develop 2 + 2 programs. In this tyjje 
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of arran^jcniciil. students select the tech-prep option in their 
junior year of hi^h school and continue for four years in a 
structured and coordinated hi^h school/coniniunily coUcf^c 
curricuhini. Federal support for this tyi)e of articulation is 
provided for in the revised Perkins Act of 1989. 

Advanced Technology Centers 

Advanced Technoloj^y Centers (ATCs) have enierj^ed as a 
viable resou rce for technology Infomiat ion. education, and train- 
injjf needs. To date, over 40 ATCs j)rovide their resources to 
business and industry. Accordinf^ to the National Coalition of 
Advanced Technoloj^y Centers, Advanced Technolofiy Centers 
are a][^j^ressively rebuildinf^ the technical educat ion and skill base 
of America's workforce while heli)inj[i companies expand and 
compete by usiufj; the best and most up-to-date available tech- 
nolof^y. 

The NCATC has identil'ied the followiufJ seven functions of 
ATCs: 

1 . kU'iitify ncwai)i)licationsoftechnolo^forsi)ecific indus- 
tries. 

2. Dcnionsti .ite the advantaj^es of new teciinolof^ical ai)i)li- 
calions. 

3. Prepare workers to integrate advanced eciuipment and 
l)roduction i)rocesses. 

4. Delerniine the feasibility and elTiciency of accoinniodat- 

advanced lechnolof^ies. 

5. Assist in the acquisition, installation, and oi)eralion of 
e(juii)inent. 

G. Provide the traininj^ required to install, oi)erate, and 

maintain the systems. 
7. Kcjuip manaf^ers and sui)ervisors to hinction in new 
le(^hnolof^ical and orf^ani/ational environments. 
The Core-Plus-Spccialty curriculum model, the Tech-Prej) 
2+2 model, and the Advanced Technology Centers are only a few 
of the exemplary attempts to extenuate the expandiufi f^aj) 
between the needs of the workforce and the ability of vocational 
education to meet those needs. Further Investif^ation into these 
types of i)rofJrams is needed to better determine their utility for 
meeting the neecis of the chaxif^in^ workforce. 
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SECTION 6 



RECOMMENDATIONS FOR 



VOCATIONAL EDUCATION 



Bastui on Ihv nndirif^s of this project, sevt^ral rccomiiiciida- 
lioiis for the future direction orvocational education in the Slate 
of Illinois can be made. Each of the Ibllowing recommendations 
were detemiined throu^:^h the analysis of the literature and 
Ihrouj^h the data collected during interviews and otlier interac- 
tions willi business and industry representatives. 

Recommendation 1 

Decisions Lo develop new educational programs in 
sophisLicaled leclmology areas musl he made carefulhj 
and be based on current and projected employment 
demands. 

When identifyiiifi tlie characteristics of an appropriate pro- 
f^rani, one must proceed with caution. Whal is appropriate Ibr a 
prof^ram that meets the needs of Portland, Oregon may not l)e 
appropriate lor rncetin^J the needs of Bloominfj^ton, Illinois, 
(irubb (1984). suj^^ests that inappropriate planninji ol'ten re- 
sults in schools jumping on the hifj^h-tech bandwagon and 
developing new projL^rams prior to an exliaustive needs assess- 
ment. 

A thorouf^h needs assessment process iiiusl be developed 
and followed prior to the development of new vocational prt)- 
^jrams in sophisticated teehnolo^ areas. This needs assessment 
must examine the current and hiturc needs of the private sector 
in the local area so the programs that are developed will be 
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appropriate for their location. Another benefit to be derived Irom 
local needs assessment activities will be partnerships between 
businesses and the educational institution andbetter placement 
opportunities for program graduates, 

Recommendation 2 

The Illinois State Board oj Education and the Illinois 
Department of iMbor should work cooperatively to 
develop a system to project future trends in employ- 
ment needs. This system should he designed to ensure 
that it is capable of reacting to rapid changes in the 
workforce. 

The available workforce projection literature tends to focus 
on manufacturing industries and is from sources outside of 
Illinois. Additional research is needed to determine the occupa- 
tional needs of the workforce in Illinois as well as the skills and 
competencies needed for those occupations, Accurate em|jloy- 
nient projections for Illinois will greatly enhance the ability ol 
vocational programs to meet the economic development needs uf 
the state and to provide up-to-date services to students. 

Recommendation 3 

Quality sophisticated technology-oriented vocational 
curricula must be designed and delivered to help stu- 
dents develop the conipeLencies and skills identified by 
business and industry. 

An evaluation of the cxi.sting community college programs, 
facilities, and faculty in the sophisticated technology content 
areas should be completed to determine the extent to which 
current programs provide or are capable of providing the type of 
education and training that will effectively prepare individuals 
for the workforce of the future. 

Technical skills are needed as much now as they ever were. 
However, it is also clear that generic, basic skills are increasing 
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in importance. Effect' -e vocational programs in the future will 
be those that provide students with both the specific technical 
skills that are needed for eniploynienl and the generalizable, 
basic skills that enhance an individual's ability to learn and 
adapt to a changing work environment. 

Recommendation 4 

Partnerships between vocational programs and local 
businesses and industries must be established and 
developed. 

Quality vocational programs build solid bridges between 
their programs and the businesses and industries in their 
community, Advanced Technology Ccnlers are good examples 
where partnerships have paid ol'fby helping schools obtain stale 
of the art equipment to train current and I'uture workers lor 
specific environments and to validate the content of the voca- 
tional currieulum. 

Recommendation 5 

Articulation must exist between vocational programs at 
the high school level and at the post-secondary level 

Many programs have set up successful partnerships be- 
tween secondary and post-secondary facilities to cut down on 
e(|nipment cost to the district as well as streamline a student's 
path to graduation. These efforts must continue to be cloned, 



ERIC 



54 



References 



References 



Barlel A. P.. & Lichlenberg, F. R. (1987). The comparative 
advanlaf^e of educated workers in inii)lertienlin^ new 
technolo^. TlieFieinewoJ'EconomicsandStalistics. 69(1), 1- 
11. 

Berger, J. (1987, April 20). I^roduclivily: Why it's the no. 1 
underachievcr. Business Week, pp. 54-55. 

Carnegie Forum on Education and the Economy. (1986). A nafioft 
prepcved: Teachers for the 21slcentimj. Princeton, NJ: Car- 
nej^^ie Foundation. 

Carnevale, A. P., Gainer, L. J., Melt/er, A. S. (1988). Workforce 
basics: Vie skills emjAoyers want, Washington. DC: U. S. 
Department of Labor ICmployment and Training Administra- 
tion ^ The American Society for Training and Development. 

Carnevale, A. P., & Schulz, E. R. (1988). Technical training in 
America: How much and who gets it? Training & Development 
Journal 18-32. 

Emi)loyability Skills Task Force. (1988). Report to the Governor's 
Commission on Jobs and Economic Development (A Micliicjan 
employabiliti I profile), Detroit, MI: Governor s Commission on 
Jobs and Economic Development. 

Faddis, C, Ashley, W. L., & Abram, R. E. (1982). Preparing for 
liiqh teclinologii: Strategies for cJiafige. (R. N. NCRVE-R^I> 
Scr-230). (Contract No. 300-78-0032). Columbus, OH: Ohio 
State University. National Center for Research in X'ocalional 
Education. (EWC Document Reproduction Service No. ED 
216 168) 

Flynn, P. M. (1985). TJie impact oftecJuiological cliange on Jobs 

and workers. Unpublished manuscript. 
Frey, R. K. (1987, November). Is tfierea pliilosnpliijofteclviologii? 

Are tliere different approaclies to tfie pliilosophy of techno! 

ogij? Is Uiere a framework for critiquing a pliilosopliy uj 

technology? I s pJiilosopliy of tecJinology differentfrom pliiloso 



O 55 ^^'^ 



ERIC 



Sophisticated Technology, the Workforce, and Vocational Education 



phy of science? Paper presenled al the 74lh Mississippi 
Valley Industrial Teacher Education Conference, Chicaj^o, 
Illinois. 

Gray. K. (1989). Selling* the record straight. Vocalional Educa- 

lionalJoumal 64(4), 26-28. 
Grubb, W. N. (1984). The bandwagon once more: Vocational 

preparation lor high-tech occupations. Hcuvard EducuLional 

Review, 5-1(4) . 429-451. 
Hatsoi)oulos. G. H.. Kni/^man. P. R.. & Summers. L. H. (1988). 

U.S. competitiveness: Beyond the trade deficit. Science. 241, 

299-316. 

Johnson. S. I). (1988). A philosophical base for developing 
technology education programs. lUinuisIiiduslnalEducalor, 
9(2), 2-5. 

Johnston. W. B. Ik Packer. A. H. (1987). Workforce 2000: Work 
and workers for llie 21st cenlwy. Indianaiiolis. IN: Hudson 
Institute. 

Jonas. N. (1987. April 20). No pain, no gain: How America can 

grow again. Business Week, pp. 68-69. 
Klein. L. R. (1988). Components of competitivejiess. Science, 

241, 308-313. 

Kutscher. R. (1987). The impact of technology on emplovment in 
the United States: Past and Future. In G. Burke, u R. W. 
RunibergerdCd.). Tliefudire impact of lechnoloffij an wurkand 
education (pp. 33-54). London: The Palmer Press. 

McLaughlin. A.. Bennett. W. J.. & Verity. C, W. (1988). Buildinfi 
a quality workforce. Washington. DC: U. S. Dei)arlment of 
Labor. U. S. Department of Education. U. S. Department of 
Commerce. 

Mikulecky. L. (1984. Januaiy). "Literacy in the real world." 
Rmduiry/fi/bmicT (Special issue). 2-8, 

National Alliance of Business. (lOflH). Shapiny loniorrou)' s 
workforce. Washington. UC: Author. 

National Commission on Secondary Vocational Education (1984). 
T]\e unfmislxcd ayenda: The role of vocational education in (lie 
hiyJi scliool. Columbus. OH: The Ohio State University. The 
National Center for Research in Vocational Education. 

Naylor. M.(\Q8^i). Jobs cf the future. (Contract \o. 400-84-0004). 
Columbus. OH: ERIC Cleaiingliou.se on Adult. Career, and 
Vocalional Education. (ERIC Document Reproduction Sew- 
ice No. ED 259 216) 



O 56 f: 



References 



Nellie. A. (1986). A high Icchjuhive. Lnudon, ICii^^land: Ix^ndon 
University. Inst, of Education. (ICRIC Document Reproduc- 
tion Sendee No. ED 280 963) 

Pacey. A. (1983), The culture of lechnoloqij. Canibridf^e, MA: 'Hie 
MIT Press. 

Parnell. D. (1985). The neglected maJorUy [2nd ed.). Washin/.Jlori. 

DC: Coininunily Colle^'e Press. 
President's Commission on Industrial Competitiveness, Global 

Competition: The New Reality (Vol. 2). Washington, DC: 

Coveniment Printing Ollice. 
Rosenleld. S. A. (Ed.). (1986). Technolofiy, tlie economy, and vo- 

cationalediication. ResearchTriangle Park: Southern Growtli 

Policies Board. 

Rosenleld, S. A, (1986, Fall). The education ol tlie renaissance 
technician: Postsecondaiy vocational-technical education in 
the south. Foresiylit. '?'?), 1-27. 

Rumberger. R. ( 1 984). Demystifyiny hiyh tech wloyy. Columlxis. 
OH: Ohio State University. Columbus. Aational Center lor 
Research in Vocational Education. (ERIC Document Repro- 
duction Seivlce No. ED 2-10 30!S) 

Rumberger, R. (1987). The potential impact ol teclmolnfiy on the 
skill re(iuirements of hiture jobs. In G. Burke, 8i R. W. 
Rurnberger(Ed.). TheJ'uture impact oft eel inokx^y on work and 
echicat ion {])]). 74-95). London: The Palmer Press. 

Rumberger. R. VJ..fk Levin, H. M. (1985). Forecasting the impact 
of new technologies on tlie hitiire job market. Tcchnolcxjical 
Forccastiny and Social Change, 27. 399-4 17. 

U. S, Department of Education. (1986). Wliat works: Researcli 
alxnil teaclunyand learning. Washington, DC: Author. 

Verm. G. ( 1963). Educational implications oj'technologicalcliangr. 
Detroit. MI: U.S. Department of I leallh". Education (Si Wellare. 
Ollice of Education. (ERIC Document Reproduction Service 
No. ED 020 060) 

Young. J. A. (1988). Technology and competitiveness: A key to 
the economic future of the United States. Science. 241. 313- 
316. 



57 



ILLINOIS STATE BOARD OF EDUCATION 

100 North P^insl Street. Spririf^neld. Illinois 62777-0001 

'riioiiias biy BiUTonf^Ms. Chairman 
Robert Leininger. hiterim State Superintendent 

An Efiuai Opix)rtunUij/A[linnaliuc Action Emploijer 
Q Printed By Tl\e Autlwrky Of The State Of Illinois 

ERIC July. 1989 , 



♦ 



Sophisticated 

Technology 

Bibliography 

Illinois 
State Board 
of 

Education 

Adult, 

Vocational and 

Technical 

Education 



Sophisticated 

Technology 

Bibliography 

Project Staff 

Scott D. Johnson 
W. Tad Foster 
Richard Satchwell 

Department of 
Vocational and 
Technical Education 
College of Education 
University of Illinois 
at Urbana-Champaign 



Illinois 

State Board of 
Education 

Thomas Lay Burroughs 
Chairman 

Robert Leininger 
Intehm State 
Superintendent 
of Education 



Departnnent of 
Adult, Vocational 
and Technical 
Education 

Vocational Education 
Program Improvement 
Section 

July, 1989 

DT 10730 



"An Equal Opportunity/Affirmative Action Employer" 



Sophisticated Technology Bibliography 



Database Search Directions 



The following references have been identified and obtained by the Sophisticated Technolo- 
gies Project. The database currently contains 155 references related to sophisticated technolo- 
gies, the future workforce, and vocational education. A set of key words have been used to 
classify each of the references to facilitate the location of desirable readings according to their 
content. The following keywords have been used: 

biotechnology, definition, education, future, impacts, informa- 
tional, legislation, physical, science, skills, technology, training, 
workforce, economics 

The references have also been put into a computer database which may be accessed through 
the reference database and bibliography maker **EndNote." EndNote is available from Niles & 
Associates. 2200 Powell, Suite 765, Emeryville. CA 94608; (415) 655-6666. This database 
system will allow the user to type in any of the keywords and will select those references which 
match the request. 
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